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(57) ABSTRACT 

A memory module for a computer-based System. The 
memory module includes at least one memory device that 
requires periodic refresh Signals to maintain data and is 
mounted on the memory module, and a circuit mounted on 
the memory module and configured to retain data Stored on 
the memory device when the computer-based System loses 
power. In a separate embodiment, a control circuit is con 
figured to logically detach at least one memory device from 
at least one memory controller when a computer-based 
System loses power, and retain data Stored on the memory 
device when the computer-based System loses power. 
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FIG. 1 
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Prinitive Flow Table 

State Description S 011 
Idle, waiting for activi A - TA:: 
Reset state B F.B. 
Triggered on CKE going low C - 

- 
Auto refrcsh D 
Alternate reset state E 
Altcrnate reset state 2 F E. 
CKE went high when out already = 
"0" 
Self refrcsh H 
Alternate reset state 3 

Reduced Flow Table 

Triggered on CKE going low 
State Table 
State Description 
Idle, waiting for activi 1 
Triggcred on CKE going low 0 

FIG. 4 

Where CMD = WEH AND NOT CS AND NOT RAS AND NOT CASil 
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METHODS AND APPARATUS FOR BACKING UPA 
MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates generally to memory 
devices, and more particularly to memory devices that 
require periodic refresh Signals to maintain their data con 
tents, Such as Synchronous dynamic random acceSS memory 
(SDRAM) devices. 
0002 SDRAM consists of an array of capacitive cells 
having a Voltage that degrades over time as a function of the 
capacitance and the internal device resistance at the cells 
terminals, referred to as the time constant of the circuit, or 
1/RC. As the voltage of a cell degrades over time from its 
nominal Voltage, the Voltage will decrease into a transition 
region wherein the equivalent binary data bit value repre 
Sented by that Voltage value is indeterminate; i.e. the data bit 
value is neither a binary 0 or a binary 1. Eventually the 
voltage will degrade to zero, and thus, SDRAMs require 
periodic refresh Signals from a host memory controller to 
recharge the cells to nominal voltage levels. SDRAMs may 
lose data, even if the SDRAMS have backup power from a 
battery, if the host memory controller loses power and ceases 
issuing refresh Signals. However, at least Some known host 
memory controllers consume more electrical power than 
may be practically Supplied by a backup battery. 

BRIEF DESCRIPTION OF THE INVENTION 

0003. In one aspect, a memory module is provided for a 
computer-based System. The memory module includes at 
least one memory device that requires periodic refresh 
Signals to maintain data and is mounted on the memory 
module, and a circuit mounted on the memory module and 
configured to retain data Stored on the memory device when 
the computer-based System loses power. 
0004. In another aspect, a method is provided for retain 
ing data Saved on a memory device in a computer-based 
System. The computer-based System includes a power Sup 
ply, at least one memory module having at least one memory 
device that requires periodic refresh Signals to maintain data, 
and a circuit mounted on the memory module. The method 
includes Sensing an impending loSS of power from the 
computer-based System power Supply, Signaling, using the 
circuit, the memory device into a Self refresh power down 
State wherein at least one of the memory device and the 
circuit generates internal refresh Signals to maintain data, 
and maintaining, using the circuit, the Self refresh power 
down State while the computer-based System is inactive. 
0005. In yet another aspect, a control circuit is provided 
for controlling at least one memory device in a computer 
based System having at least one memory controller. The 
circuit includes at least one memory device that requires 
periodic refresh Signals to maintain data. The circuit is 
configured to logically detach the at least one memory 
device from the at least one memory controller when the 
computer-based System loses power, and retain data Stored 
on the memory device when the computer-based System 
loses power. 
0006. In a further aspect, a method is provided for 
retaining data Saved on at least one memory device in a 
computer-based System using a circuit. The computer-based 
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System includes a power Supply and a memory controller. 
The memory device requires periodic refresh Signals to 
maintain data. The method includes Sensing an impending 
loSS of power from the computer-based System power Sup 
ply, and logically detaching the memory device from the 
memory controller using the circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a front and back view of one embodiment 
of a memory module of the present invention. 
0008 FIGS. 2A and 2B are a circuit diagram illustrating 
one embodiment of the memory module illustrated in FIG. 
1. 

0009 FIG. 3 is a table illustrating state tables for one 
embodiment of a high-speed asynchronous State machine 
illustrated in FIGS. 2A and 2B. 

0010 FIG. 4 is a karanaugh map for one embodiment of 
the high-Speed asynchronous State machine illustrated in 
FIGS. 2A and 2B. 

0011 FIG. 5 is a circuit diagram illustrating one embodi 
ment of a power-up/down control circuit of the present 
invention. 

0012 FIGS. 6A and 6B are an example of an SDRAM 
powerup/down command Sequence for the power-up/down 
control circuit illustrated in FIG. 5. 

0013 FIG. 7 is a table illustrating various SDRAM 
commands for the memory module illustrated in FIGS. 1, 
2A, and 2B, and the power-up/down control circuit illus 
trated in FIG. 5. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0014 FIG. 1 is a front and back view of one embodiment 
of a detachable memory card, or module, 10. In one embodi 
ment, module 10 is a Small-outline dual in-line memory 
module (SO-DIMM) that includes at least one standard 
synchronous dynamic random access memory (SDRAM) 
interface (not shown), at least one memory device, or 
SDRAM, 12, a micropower comparator 14, and a serial 
presence detect (SPD) electrically-erasable programmable 
read-only memory (EEPROM) 16. Although in the exem 
plary embodiment memory module 10 is herein described 
and illustrated as including at least one SDRAM 12 and at 
least one SDRAM interface, it will be understood that the 
present invention is applicable to any type of memory device 
that requires periodic refresh Signals to maintain the memory 
device's data contents, Such as dynamic random access 
memory (DRAM) devices, and memory module 10 may 
include any type of memory device that requires periodic 
refresh Signals to maintain the memory device's data con 
tents along with the appropriate interface. Accordingly, 
memory device 12 is not limited to SDRAMs, but rather 
may be any DRAM or other memory device that requires 
periodic refresh Signals to maintain memory data. For 
example, and in one embodiment, memory device 12 is a 
Rambus dynamic random access memory (RDRAM) device 
and memory module 10 includes at least one RDRAM 
interface (not shown). Furthermore, and in another embodi 
ment, memory device 12 is a double data rate Synchronous 
dynamic random access memory (DDR SDRAM). SDRAM 
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12 and EEPROM 16 are mounted on module 10. In one 
embodiment, module 10 includes a plurality of memory 
devices 12. 

0.015. In the exemplary embodiment, module 10 is illus 
trated as a small outline DIMM (SO-DIMM), however, it 
will be understood that module 10 may be any other type of 
memory card or memory module containing memory 
devices that require period refresh Signals to maintain 
memory data. For example, in one embodiment, module 10 
is an unbuffered DMM. Furthermore, although in the exem 
plary embodiment memory module 10 is herein illustrated 
and described as a DIMM, it will be understood that memory 
module 10 may be any type of detachable memory module 
or card. 

0016 Module 10 also includes a battery 18, a large-value 
Super capacitor 20, a Voltage regulator 22, a Voltage regu 
lator inductor 24, a Voltage regulator capacitor 26, a charge 
pump 28, and a plurality of edge connector pins 30. Battery 
18, capacitor 20, Voltage regulator 22, inductor 24, capacitor 
26, charge pump 28, and edge connector pins 30 are all 
mounted on module 10. In one embodiment, module 10 does 
not include a battery 18, but rather module 10 includes at 
least one terminal (not shown) that is configured to electri 
cally connect to an external battery (not shown). In an 
alternative embodiment, module 10 does not include capaci 
tor 20 and associated charge pump 28. 

0017 Voltage regulator 22, inductor 24, capacitor 26, and 
pump 28 are known in the art. Voltage regulator 22 is a 
micropower single-ended primary inductance converter 
(SEPIC) voltage regulator that regulates input voltages. For 
example, in one embodiment, regulator 22 is an LT1615 
regulator commercially available from Linear Technology, 
720 Sycamore Drive, Milpitas, Calif. 95035. In one embodi 
ment, Voltage regulator inductor 24 is a 10 uH 3.8 Amp 
inductor, commercially available from Pulse, and Voltage 
regulator capacitor 26 is an 22 uF low-equivalent Series 
resistance (ESR) capacitor, commercially available from 
AVX Corp. Furthermore, in another embodiment, charge 
pump 28 is a 2.7-5.5 volt input, 5 volt output regulated 
charge pump, for example part number MAX682ESA com 
mercially available from Maxim. 

0.018 Module 10 is configured to be inserted within a slot 
(not shown) on a board (not shown) in a computer-based 
System (not shown). The term computer-based System, as 
used herein, refers to any microprocessor-based System 
including automation control modules (ACMs) and Systems 
using microcontrollers, reduced instruction Set circuits 
(RISC), application specific integrated circuits (ASICs), 
logic circuits, and/or any other circuit or processor that 
requires memory. The term ACM refers to any device that is 
used to control the automation of an activity, including but 
not limited to programmable logic controllers (PLCs), com 
puter numeric controls (CNCs), motion control products, 
home automation products, and commercial automation 
products, for example controls for automated teller 
machines or car wash Systems. In one embodiment, wherein 
module 10 is a DIMM, module 10 is configured to be 
inserted within a DIMM slot (not shown) on a motherboard. 
The motherboard includes a memory controller (not shown) 
that Supports power management memory functions. In the 
exemplary embodiment, the memory controller is an 
SDRAM memory controller; however, it will be understood 
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that the memory controller may be any memory controller 
capable of controlling memory device 12. A power good 
(PWRGOOD) signal from the motherboard main power 
Supply is fed to an interrupt pin (not shown) on the moth 
erboard. The motherboard Senses an impending mother 
board power failure using the interrupt pin. In one embodi 
ment, the interrupt pin is a NMI pin on the motherboard. The 
motherboard services the interrupt and orders SDRAM 12 
into the self-refresh power-down mode before the power 
Supply Voltage outputs drop out of acceptable tolerance 
levels to assure SDRAM data integrity. 
0019. When the motherboard senses an impending failure 
of the motherboard main power Supply, the motherboard 
causes the SDRAM controller to issue a Sequence of com 
mands and control Signals to module 10 that instruct 
SDRAM 12 to enter into a self-refresh power-down mode. 
The self-refresh power-down mode retains data values 
stored on SDRAM 12 and requires no timed or periodic 
refresh command from the memory controller on the moth 
erboard. In one embodiment, in the self-refresh power-down 
mode, SDRAM 12 generates a refresh signal internally 
using an internally generated clock (not shown) to trigger a 
refresh and word addressing counter (not shown). In an 
alternative embodiment, in the self-refresh power-down 
mode, module 10 generates a refresh Signal internally using 
an internally generated clock (not shown) to trigger a refresh 
and word addressing counter (not shown). While in the 
self-refresh power-down mode, SDRAM 12 cannot be 
accessed as a memory device externally due to power 
constraints and the possibility of contention between an 
external memory controller's commands and any internal 
refresh in progress. While in the self-refresh power down 
mode, SDRAM 12 can exist indefinitely on battery 18 
memory backup voltage, provided the backup voltage 
remains above the SDRAM's minimum acceptable voltage 
input level for proper operation. Module 10 includes a 
high-speed asynchronous state machine 40 (shown in FIGS. 
2A and 2B) that keeps SDRAM 12 in the self-refresh power 
down mode until the motherboard resumes normal opera 
tion. Upon de-assertion of the motherboard reset after the 
motherboard is powered-up, the motherboard causes the 
memory controller to resume normal operation and issue 
periodic refresh signals to SDRAM 12. When asynchronous 
state machine 40 detects that the motherboard is both no 
longer in reset and period refresh Signals are being issued by 
the memory controller on the motherboard, machine 40 will 
signal SDRAM 12 to come out of the self-refresh power 
down mode. 

0020 FIGS. 2A and 2B are a circuit diagram illustrating 
one embodiment of memory module 10. Module 10 requires 
a regulated 3.3 volt supply voltage; however, battery 18 only 
provides 3.0 nominal Volts and degrades down to nearly Zero 
volts over time as battery 18 drains. Therefore, the mother 
board main 3.3 volt power supply is combined with battery 
18 as an input to Voltage regulator 22 to Supply a 3.3 volt 
output voltage to supply SDRAM 12. Voltage regulator 22 
thus acts as a boost regulator, using the 3.3 volt System 
Voltage as an input under normal conditions, and using 
battery 18 as an input when the motherboard power supply 
fails. In one embodiment, battery 18 is a 3 volt, 1000A-h 
lithium coin cell battery, such as part number BR2477A/FB 
commercially available from Panasonic. Furthermore, and 
in one embodiment, battery 18 is a lithium cell battery and 
Voltage regulator 22 creates a regulated 3.3 voltage output 
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from a possible input range of 1.2-15 volts, thereby taking 
advantage of a majority of lithium battery 18 charge capac 
ity. 
0021 Large-value Super capacitor 20 is connected in 
parallel with battery 18, and is between battery 18 and 
Voltage regulator 22. Large-value Super capacitor 20 and 
battery 18 form a battery-super capacitor circuit 32. In one 
embodiment, Super capacitor 20 is a 5.5 volt, 1.0F capacitor, 
Such as, for example, a SuperCap capacitor commercially 
available from Toko America, part number 
FCOH105ZTBR44. Large-value Super capacitor 20 has 
enough charge capacity to Supply SDRAM 12 for one hour 
or more, but only when charged up to 5 volts rather than 3.3 
Volts. To hold large-value Super capacitor 20 charged at 5.0 
volts, module 10 includes charge pump 28 electrically 
coupled between the motherboard main 3.3 voltage power 
Supply input and battery 18. Charge pump 28 increases the 
incoming 3.3 voltage to approximately 5.0 volts. In one 
embodiment, wherein voltage regulator 22 is a SEPIC 
Voltage regulator, large-value Super capacitor 20 maintains 
the battery-backed memory voltage while battery 18 is being 
removed from the computer-based System (not shown) for 
replacement or disposal, during brief (intermittent or less 
than 1 hour) brownout or power loss conditions, or when 
memory module 12 is being disconnected and transported to 
another computer System (not shown) while detached from 
the motherboard and battery 18 is either discharged or not 
present. In an alternative embodiment, Voltage regulator 22 
does not include large-value Super capacitor 20 and charge 
pump 28 and thus module 10 and the motherboard cannot be 
removed from the computer-based system if battery 18 is 
discharged or not present without SDRAM 12 losing saved 
data. 

0022 Module 10 further includes a reset voltage monitor 
34. In one embodiment, reset voltage monitor 34 is a 
low-power comparator. Reset Voltage monitor 34 grounds an 
SDRAM CKE clock enable line 36 to a binary logic “0” 
value and disconnects charge pump 28 from battery-Super 
capacitor circuit 32 using a transistor 38. Driving CKE clock 
enable line 36 to a binary logic “0” facilitates keeping 
SDRAM 12 in the self-refresh power down mode after being 
commanded into the self-refresh power down mode by the 
memory controller on the motherboard. Transistor 38 pre 
vents backward current draw when charge pump 28 is 
disabled due to failure of the motherboard main power 
Supply. Micropower comparator 14 trips when the mother 
board main power Supply droops from the nominal memory 
module voltage to less than the 10% threshold of SDRAM 
12's minimum acceptable Voltage level for proper operation. 
CKE line 36 will have already been driven low by the 
motherboard memory controller prior to micropower com 
parator 14 being tripped, but CKE line 36 will no longer be 
driven and could fluctuate as the motherboard main power 
Supply Supplied to the memory controller (not shown) 
droops away from its nominal Voltage when the mother 
board main power Supply fails, or powerS-down. Thus, in 
one embodiment, transistor 38 grounds CKE line 36 by 
asynchronous state machine 40 before the memory control 
ler can drop out and to keep CKE line 36 grounded until the 
memory controller powers back up again, thereby facilitat 
ing SDRAM 12 remaining in the self-refresh power-down 
mode. In the process of issuing commands to put SDRAM 
12 into the self-refresh power-down mode, CKE line 36 is 
driven low and SDRAM 12 will stay in the self-refresh 
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power-down mode until CKE line 36 is driven high. Tran 
sistor 38 facilitates preventing CKE line 36 from floating 
high when not driven and accidentally waking SDRAM 12 
up when the memory controller is not operational and 
providing normal refresh Signals. 

0023 Asynchronous state machine 40 creates a modified 
CKE signal to prevent SDRAM 12 from being prematurely 
removed from the self-refresh power-down mode. Machine 
40 changes states quickly and drives the modified CKE low 
on a high-to-low transition of CKE, but does not drive the 
modified CKE high again until Seeing the motherboard is no 
longer in reset and Seeing the first normal auto refresh cycle 
from the memory controller. After decoding an auto refresh 
command, machine 40 Switches states to drive CKE high 
again after Some delay. Driving CKE high does not have to 
be a Synchronous event and thus high Speed logic is not 
required on transition to CKE high. However, a high-to-low 
transition on the input CKE must be transmitted to SDRAM 
12 Substantially instantaneously to facilitate that the high 
to-low transition is received on the Same rising clock edge 
as the self-refresh power-down command. Machine 40 uses 
high-speed logic, for example ALVC-Series high-speed logic 
commercially available from Texas Instruments, for critical 
delay paths. The path for a CKE high-to-low transition to 
change the modified CKE to a low value is two ALVC gates 
42 at 2.9 ns delay each, for a total of 5.8 ns. The total delay 
and Setup equals 4 ns--5.8 ns--2 nS=11.8 ns, which is greater 
than a PC100 100 MHz clock cycle. In one embodiment, to 
speed the transition an extra ALVC AND gate 44 is posi 
tioned at the output of machine 40 to drive the output 
quickly while machine 40 logic catches up. This removes 
one of the gate delays and the total cycle time is reduced to 
8.9 ns, with 1.1 ins of margin. A power up reset Voltage 
monitor 34 is included to initialize machine 40 to a known 
value. Voltage monitor 34 is powered from battery 18. 

0024 FIG. 3 is a table 42 illustrating state tables for 
high-speed asynchronous state machine 40. Table 42 
includes a primitive flow table, a reduced flow table, and a 
State table. Each table includes a State description, an idle, 
waiting for activity State, and a triggered on CKE going low 
State. The primitive flow table also includes a reset State, an 
auto refresh State, an alternate reset State 1, an alternate reset 
state 2, a CKE went high when out already="0” state, a 
Self-refresh State, and an alternate reset State 3. 

0025 FIG. 4 is a Karnaugh map 44 for high-speed 
asynchronous State machine 40. Karnaugh map 44 illustrates 
the reduction of state table 42 to Boolean logic that may be 
implemented with AND gates, OR gates, and NOT gates 
(inverters). 
0026 FIG. 5 is a circuit diagram illustrating an alterna 
tive embodiment of the present invention. More specifically, 
FIG. 5 illustrates one embodiment of a power-up/down 
control circuit 50 for use within computer-based systems 
(not shown) wherein at least one of the computer based 
System's memory controllers or microprocessors do not 
Support power management memory functions required to 
put memory devices into a Self refresh power down mode. 
Circuit 50 includes a CPLD 52, a high-speed multiplexer 54, 
and at least one memory device 56 that requires periodic 
refresh Signals to maintain the memory device's data con 
tents, such as an SDRAM, 56. In one embodiment, memory 
device 56 and circuit 50 are physically mounted on a 
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detachable memory module (not shown). However, it will be 
understood that memory device 56 and circuit 50 may be 
physically mounted anywhere within the computer-based 
System, for example on a main computer-based System 
circuit board (not shown) or another circuit board (not 
shown) that is separate from the main computer-based 
System circuit board. The computer-based System includes a 
memory controller 58 that is electrically connected to circuit 
50 for controlling SDRAM 56. In an alternative embodi 
ment, memory controller 58 is a microprocessor with an 
embedded memory controller (not shown). In the exemplary 
embodiment, memory controller 58 is an SDRAM memory 
controller, however, it will be understood that memory 
controller 58 may be any memory controller that does not 
Support the power management functions required to put 
memory devices into a Self refresh power down mode and 
that is capable of controlling memory device 56. In addition, 
although in the exemplary embodiment circuit 50 is herein 
described and illustrated as including at least one SDRAM 
56, it will be understood that the present invention is 
applicable to any type of memory device that requires 
periodic refresh Signals to maintain the memory device's 
data contents, Such as dynamic random access memory 
(DRAM), and circuit 50 may include any type of DRAM or 
other memory device that requires periodic refresh Signals to 
maintain the memory device's data contents. Accordingly, 
memory device 56 is not limited to SDRAMs, but rather 
may be any DRAM or other memory device that requires 
periodic refresh Signals to maintain the memory device's 
data contents. For example, and in one embodiment, 
memory device 56 is a RDRAM device. 
0027. When the computer-based system senses that the 
input to the computer-based System power Supply is devi 
ating Significantly from nominal values, the computer-based 
System power Supply Sends an advance power fail warning 
signal to circuit 50, thereby activating circuit 50. The 
advance power fail warning Signal must go active before the 
computer-based System enters a reset State or an unstable 
State due to the resulting degradation in the power Supply 
DC outputs. When the advance power fail warning Signal is 
detected, circuit 50 will logically detach SDRAM 56 from 
memory controller 58 and feed SDRAM 56 a sequence of 
commands and control signals that instruct SDRAM 56 to 
Switch into a self-refresh power-down mode. The self 
refresh power-down mode retains data values Stored on 
SDRAM 56 and requires no clock or periodic refresh 
command from memory controller 58. In one embodiment, 
in the self-refresh power-down mode, SDRAM 56 generates 
a refresh Signal internally using an internally generated 
clock (not shown) to trigger a refresh and word addressing 
counter (not shown). In an alternative embodiment, in the 
self-refresh power-down mode, circuit 50 generates a refresh 
Signal internally using an internally generated clock (not 
shown) to trigger a refresh and word addressing counter (not 
shown). While in the self-refresh power-down mode, 
SDRAM 56 cannot be accessed as a memory device exter 
nally due to power constraints and the possibility of con 
tention between an external memory controller's commands 
and any internal refresh in progress. While in the self-refresh 
power down mode, SDRAM 56 can exist indefinitely on 
battery memory backup voltage as long as the backup 
voltage remains above SDRAM 56's minimum acceptable 
Voltage level for proper operation. Upon de-assertion of the 
computer-based System reset after the computer-based SyS 
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tem is powered-up, circuit 50 feeds SDRAM 56 a sequence 
of signals that instruct SDRAM 56 to exit the self-refresh 
power-down mode and logically re-attaches SDRAM 56 to 
memory controller 58. 

0028 Circuit 50 uses multiplexer 54 to switch SDRAM 
56 control signal inputs between memory controller 58 and 
CPLD 52, depending on whichever of controller 58 and 
CPLD 52 requires control at a given time. After the advance 
power fail warning signal is detected, CPLD 52 will count 
to a time value determined by System designers to be greater 
than the time that computer-based System Software requires 
to finish all SDRAM code execution or data transfer but less 
than the minimum time at which the computer-based System 
can go into reset because the power Supply DC outputs have 
finally dropped out of tolerance. CPLD 52 then takes control 
of SDRAM's 56 control bus and issues the necessary 
commands to put SDRAM 56 into the self-refresh power 
down. When the computer-based System reset is de-asserted 
because the power Supply DC outputs are back up to 
specification, CPLD 52 will perform a command sequence 
to exit from the self-refresh power-down mode and return 
control of SDRAM 56 to memory controller 58. Memory 
controller 58 resumes periodic refresh signals immediately 
after computer-based System reset because circuit 50 is no 
longer supplying refresh signals to SDRAM 56. 

0029. In one embodiment, the computer-based system 
issues a signal or signals to CPLD 52 that indicates that 
CPLD 52 should place SDRAM 56 into the self refresh 
power down mode or release SRAM 56 from the self refresh 
power down mode. In such an embodiment, CPLD 56 
ignores Such signals when the computer-based System is in 
reset due to power loSS or other causes, but will respond to 
such signals otherwise. In this manner, CPLD 52 need not 
count to a predefined value or release SDRAM 56 from the 
self refresh power down mode without knowledge of the 
Status of the computer based System. Accordingly, the com 
puter-based system has complete control over when CPLD 
56 should place SDRAM 56 into the self refresh power 
down mode or release SDRAM 56 from the self refresh 
power mode. 

0030. In one embodiment, multiplexer 54 has a very low 
propagation delay and output Select delay Such that multi 
plexer 54 does not impact SDRAM's 56 command word 
clock Setup time requirement. Furthermore, and in one 
embodiment, the delay requirement tracks the Speed of 
SDRAM's 56 control bus. 

0031. In one embodiment, CPLD 52 and multiplexer 54 
are powered from a computer-based System battery (not 
shown). In an alternative embodiment, CPLD 52 does not 
remain powered up during computer-based System power 
down. Furthermore, and in another embodiment, shown in 
FIG. 5, CPLD 52 is powered off by a FET 60 controlled by 
the computer-based system reset signal. FET 60 quickly 
removes power from CPLD 52 such that CPLD 52's outputs 
do not transition during intermediate power levels, and at 
least one pulldown resistor 62 on the CKE line and RESET 
line ensure that the CKE and computer-based System reset 
Signals remain grounded until actively driven. In one 
embodiment, to cope with the possibility of an advance 
power fail warning Signal pulsing due to noise, the counting 
state in CPLD 52 is gated with power fail going inactive 
such that when such a pulse occurs CPLD 52 ceases count 
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ing and returns to an idle State without ever accidentally 
Switching SDRAM 56 into the self-refresh power-down 
mode. 

0032 FIGS. 6A and 6B are an example 70 of an 
SDRAM powerup/down command sequence for memory 
module 10 and power-up/down control circuit 50. The 
Self-refresh power-down mode is entered using a precharge 
command followed by a Nop command. The Nop command 
is followed by a Self-refresh command and Simultaneous 
de-assertion of the CKE (clock enable) signal to SDRAM 12 
or SDRAM 56. SDRAM 12 or SDRAM 56 then triStates all 
pins except the CKE pin thereby lowering power consump 
tion. The self-refresh mode is exited by re-asserting of the 
CKE signal and a simultaneous Nop command followed by 
at least 6 cycles of Nop commands. The Specific implemen 
tation of command Signal Sequences is variably dependent. 
For example, and in one embodiment, the concept of "muX 
output' and “CPLD output” would not be used for memory 
module 10 but would be used for control circuit 50. Accord 
ingly, it will be understood that example 70 is a basic 
Sequence and ordering of command Signals common for 
industry-standard SDRAM devices and is used herein for 
exemplary purposes only. 

0033 FIG. 7 is a table 80 illustrating various SDRAM 
commands for memory module 10 and power-up/down 
control circuit 50. SDRAM commands include command 
inhibit (NOP), no operation (NOP), active, read, write, burst 
terminate, precharge, auto refresh or Self-refresh, load more 
register, write enable/output enable, and write inhibit/output 
high-Z. 

0034. While the invention has been described in terms of 
various specific embodiments, those skilled in the art will 
recognize that the invention can be practiced with modifi 
cation within the Spirit and Scope of the claims. 

What is claimed is: 
1. A memory module for a computer-based System, said 

memory module comprising: 
at least one memory device that requires periodic refresh 

Signals to maintain data, Said at least one memory 
device mounted on Said memory module, and 

a circuit mounted on Said memory module and configured 
to retain data Stored on Said memory device when the 
computer-based System loses power. 

2. A memory module in accordance with claim 1 wherein 
Said memory device comprises a Synchronous dynamic 
random access memory (SDRAM) device. 

3. A memory module in accordance with claim 1 wherein 
Said memory device comprises a Rambus dynamic random 
access memory (RDRAM) device. 

4. A memory module in accordance with claim 1 wherein 
Said memory device comprises a double data rate Synchro 
nous dynamic random access memory (DDR SDRAM). 

5. A memory module in accordance with claim 1 wherein 
Said memory module comprises a dual in-line memory 
module (DIMM). 

6. A memory module in accordance with claim 1 wherein 
Said memory module comprises a Small-outline dual in-line 
memory module (SO-DIMM). 

7. A memory module in accordance with claim 1 wherein 
Said circuit configured to maintain Said memory device in a 
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Self refresh power down State wherein Said memory device 
generates internal refresh Signals to maintain data. 

8. A memory module in accordance with claim 1 wherein 
Said circuit configured to maintain Said memory device in a 
Self refresh power down State wherein Said circuit generates 
internal refresh Signals to maintain data. 

9. A memory module in accordance with claim 1 wherein 
the computer based System includes a memory controller 
Separate from Said memory module, Said circuit configured 
to signal Said memory device to come out of a Self refresh 
power down State wherein at least one of Said circuit and 
Said memory device generates internal refresh Signals to 
maintain data, Said circuit configured to Signal Said memory 
device into a normal operating mode when Said circuit 
Senses the host memory controller is operating normally and 
issuing normal refresh Signals. 

10. A memory module in accordance with claim 1 wherein 
the computer-based System includes a memory controller 
Separate from Said memory module, Said circuit configured 
to, when Signaled by the memory controller, Signal Said 
memory device into a Self refresh power down State wherein 
Said memory device generates internal refresh Signals to 
maintain data. 

11. A memory module in accordance with claim 1 wherein 
the computer-based System includes a memory controller 
Separate from Said memory module, Said circuit configured 
to, when Signaled by the memory controller, Signal Said 
memory device into a Self refresh power down State wherein 
Said circuit generates internal refresh Signals to maintain 
data. 

12. A memory module in accordance with claim 1 wherein 
Said circuit configured to Signal Said memory device to come 
out of the self refresh power down state wherein at least one 
of Said circuit and Said memory device generates internal 
refresh Signals to maintain data, Said circuit configured to 
Signal Said memory device into a normal operating mode 
when the computer-based System is no longer in a reset State 
due to power loSS or other causes. 

13. A memory module in accordance with claim 1 wherein 
Said circuit and Said memory device configured to retain data 
Stored on Said memory device when the computer-based 
System loses power without receiving a refresh Signal from 
the computer-based System. 

14. A memory module in accordance with claim 5 wherein 
the computer-based System includes a motherboard having a 
DIMM slot, said DIMM is configured to be inserted within 
the DIMM Slot. 

15. A memory module in accordance with claim 6 wherein 
the computer-based System includes a motherboard having a 
SO-DIMM slot, said SO-DIMM is configured to be inserted 
within the SO-DIMM slot. 

16. A memory module in accordance with claim 1 wherein 
said circuit comprises a serial presence detect (SPD) elec 
trically-erasable programmable read-only memory 
(EEPROM). 

17. A memory module in accordance with claim 1 wherein 
Said circuit comprises a Voltage regulator, a large-value 
Super capacitor, and a battery, wherein Said large-value Super 
capacitor electrically connected in parallel with Said battery 
between said battery and Said Voltage regulator. 

18. A memory module in accordance with claim 17 
wherein Said Voltage regulator is a micropower Single-ended 
primary inductance converter (SEPIC) voltage regulator. 
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19. A memory module in accordance with claim 18 
wherein Said Voltage regulator regulates input Voltages from 
1.2 volts-15 volts to a 3.3 volt output. 

20. A memory module in accordance with claim 17 
wherein Said large-value Super capacitor is a 5.5 volt, 1.0 F 
capacitor. 

21. A memory module in accordance with claim 17 
wherein said battery is a 3 volt, 1000A-h lithium coin cell 
battery. 

22. A memory module in accordance with claim 17 
wherein Said circuit further comprises a charge pump elec 
trically coupled between a computer-based System power 
Supply and Said battery. 

23. A memory module in accordance with claim 22 
wherein Said charge pump facilitates holding Said large 
value Super capacitor charged. 

24. A memory module in accordance with claim 22 
wherein said charge pump is a 2.7-5.5 volt input, 5 volt 
output regulated charge pump. 

25. A memory module in accordance with claim 7 wherein 
Said memory device generates the refresh Signals using an 
internally generated clock and a refresh and word addressing 
COunter. 

26. A memory module in accordance with claim 8 wherein 
Said circuit generates the refresh Signals using an internally 
generated clock and a refresh and word addressing counter. 

27. A method for retaining data Saved on a memory device 
in a computer-based System, the computer-based System 
including a power Supply, at least one memory module 
having at least one memory device that requires periodic 
refresh Signals to maintain data, and a circuit mounted on the 
memory module, Said method comprising: 

Sensing an impending loSS of power from the computer 
based System power Supply; 

using the circuit, Signaling the memory device into a Self 
refresh power down State wherein at least one of the 
memory device and the circuit generates internal 
refresh Signals to maintain data; and 

using the circuit, maintaining the Self refresh power down 
State while the computer-based System is inactive. 

28. A method in accordance with claim 27 wherein said 
Sensing an impending loss of power from the computer 
based System power Supply comprises Sensing an impending 
loSS of power using the computer-based System. 

29. A method in accordance with claim 27 wherein at least 
one of the memory device and the circuit include an inter 
nally generated clock and a refresh and word addressing 
counter, Said method further comprising generating internal 
refresh Signals using the internally generated clock and the 
refresh and word addressing counter. 

30. A method in accordance with claim 27 wherein the 
computer-based System further includes a memory control 
ler Separate from the memory module, Said method further 
comprising: 

Sensing the host memory controller is operating normally 
and issuing normal refresh Signals, and 

using the circuit, Signaling the memory device to come 
out of the self refresh power down state and into a 
normal operating mode. 

31. A method in accordance with claim 27 wherein the 
circuit includes a voltage regulator, a battery, and a large 
value Super capacitor electrically connected in parallel with 
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the battery between the battery and the Voltage regulator, 
Said maintaining the Self refresh power down State while the 
computer-based System is inactive comprising powering the 
memory device using the Voltage regulator, the battery, and 
the large-value Super capacitor. 

32. A method in accordance with claim 31 wherein the 
circuit further comprises a charge pump electrically coupled 
between the computer-based System power Supply and the 
battery, Said maintaining the Self refresh power down State 
while the computer-based System is inactive comprising 
facilitating holding the large-value Super capacitor charged 
using the charge pump. 

33. A method in accordance with claim 27 wherein the 
memory device comprises a Synchronous dynamic random 
access memory (SDRAM) device, said maintaining the self 
refresh power down State while the computer-based System 
is inactive comprising maintaining the SDRAM device in 
the Self-refresh power down State using the circuit. 

34. A method in accordance with claim 27 wherein the 
memory device comprises a Rambus dynamic random 
access memory (RDRAM) device, said maintaining the self 
refresh power down State while the computer-based System 
is inactive comprising maintaining the RDRAM device in 
the Self-refresh power down State using the circuit. 

35. A method in accordance with claim 27 wherein the 
memory device comprises a double data rate Synchronous 
dynamic random access memory (DDR SDRAM) device, 
Said maintaining the Self refresh power down State while the 
computer-based system is inactive comprising maintaining 
the DDR SDRAM device in the self-refresh power down 
State using the circuit. 

36. A control circuit for controlling at least one memory 
device in a computer-based System having at least one 
memory controller, Said circuit comprising at least one 
memory device that requires periodic refresh Signals to 
maintain data, Said circuit configured to logically detach Said 
at least one memory device from the at least one memory 
controller when the computer-based System loses power and 
retain data Stored on Said memory device when the com 
puter-based System loses power. 

37. A control circuit in accordance with claim 36 wherein 
Said control circuit configured to Signal Said at least one 
memory device into a Self-refresh power down State wherein 
at least one of Said memory device and Said circuit generates 
internal refresh Signals to maintain data when the computer 
based System loses power. 

38. A control circuit in accordance with claim 37 wherein 
the at least one memory controller does not Support the 
power management memory functions used for Signaling 
memory devices into the Self refresh power down State. 

39. A control circuit in accordance with claim 36 wherein 
Said control circuit configured to maintain Said memory 
device in a Self-refresh power down State wherein at least 
one of Said memory device and Said circuit generates 
internal refresh Signals to maintain data. 

40. A control circuit in accordance with claim 37 wherein 
Said control circuit configured to Signal Said memory device 
to come out of the Self-refresh power down State and into a 
normal operating mode when the computer-based System is 
no longer in at least one of a reset State and a unstable State. 

41. A control circuit in accordance with claim 36 wherein 
Said circuit configured to retain data Stored on Said at least 
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one memory device when the computer-based System loses 
power without receiving a refresh Signal from the computer 
based System. 

42. A control circuit in accordance with claim 37 wherein 
at least one of Said memory device and Said circuit generates 
the refresh Signals using an internally generated clock and a 
refresh and word addressing counter. 

43. A control circuit in accordance with claim 36 wherein 
Said circuit further comprises at least one multiplexer and at 
least one complex programmable logic device (CPLD). 

44. A control circuit in accordance with claim 43 wherein 
Said multiplexer is a high-Speed multiplexer. 

45. A control circuit in accordance with claim 43 wherein 
Said multiplexer configured to Select control of Said at least 
one memory device between said CPLD and the at least one 
memory controller. 

46. A control circuit in accordance with claim 36 wherein 
the at least one memory controller is embedded within a 
microprocessor. 

47. A control circuit in accordance with claim 43 wherein 
Said CPLD logically detaches Said at least one memory 
device from the at least one memory controller when the 
computer-based System loses power. 

48. A control circuit in accordance with claim 43 wherein 
Said CPLD configured to command Said at least one memory 
device into a Self-refresh power-down mode wherein at least 
one of Said circuit and Said memory device generates a 
refresh Signal for Said at least one memory device. 

49. A control circuit in accordance with claim 43 wherein 
the computer-based System includes a battery, Said multi 
plexer and said CPLD powered from the battery. 

50. A control circuit in accordance with claim 43 wherein 
said CPLD powers down when the computer-based system 
loses power. 

51. A control circuit in accordance with claim 43 wherein 
said CPLD powered off by a FET controlled by a computer 
based System reset signal. 

52. A control circuit in accordance with claim 36 wherein 
Said memory device comprises a Synchronous dynamic 
random access memory (SDRAM) device. 

53. A control circuit in accordance with claim 36 wherein 
Said memory device comprises a Rambus dynamic random 
access memory (RDRAM) device. 

54. A control circuit in accordance with claim 36 wherein 
Said memory device comprises a double data rate Synchro 
nous dynamic random access memory (DDR SDRAM) 
device. 
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55. A control circuit in accordance with claim 37 wherein 
Said control circuit configured to Signal Said memory device 
to come out of the Self-refresh power down State and into a 
normal operating mode when Said circuit Senses the memory 
controller is operating normally and issuing normal refresh 
Signals. 

56. A control circuit in accordance with claim 36 wherein 
Said control circuit mounted to a detachable memory mod 
ule. 

57. A control circuit in accordance with claim 36 wherein 
the computer-based System includes a main circuit board, 
Said control circuit mounted on the main circuit board. 

58. A control circuit in accordance with claim 36 wherein 
the computer-based System includes a main circuit board 
and a separate circuit board, Said control circuit mounted on 
the main circuit board. 

59. A method for retaining data saved on at least one 
memory device in a computer-based System using a circuit, 
the computer-based System including a power Supply and a 
memory controller, the memory device requiring periodic 
refresh Signals to maintain data, Said method comprising: 

Sensing an impending loSS of power from the computer 
based System power Supply; and 

logically detaching the memory device from the memory 
controller using the circuit. 

60. A method in accordance with claim 59 wherein the 
memory device includes a Self-refresh power-down State 
wherein at least one of the circuit and the memory device 
generates a refresh Signal for the at least one memory device, 
said logically detaching the memory device from the 
memory controller using the circuit comprises signaling the 
memory device into the Self-refresh power-down State. 

61. A method in accordance with claim 59 wherein the 
memory device comprises a Synchronous dynamic random 
access memory (SDRAM) device, said logically detaching 
the memory device from the memory controller comprising 
logically detaching the SDRAM device from the memory 
controller. 

62. A method in accordance with claim 59 wherein the 
memory device comprises a Rambus dynamic random 
access memory (RDRAM) device, said logically detaching 
the memory device from the memory controller comprising 
logically detaching the RDRAM device from the memory 
controller. 


